Objective -To analyze the relationship between myocardial bridges and the anterior interventricular branch (anterior descending) of the left coronary artery.
Myocardial Bridges and their Relationship to the Anterior Interventricular Branch of the Left Coronary Artery Original Article
Coronary arteries and their major branches are usually located subepicardially. Some individuals, however, have regions in which a bunch of cardiac muscle fibers passes over those vessels like a bridge. The following terms have been used to describe this anatomical finding: myocardial bridge, intramural coronary artery, mural coronary artery, and mural coronary 1 .
In vivo studies in human beings began to be performed with angiography from 1960 on, when systolic narrowing of the anterior interventricular branch (anterior descending) of the left coronary artery was observed 1 . Several authors have confirmed that this is the coronary branch most frequently involved with myocardial bridges [2] [3] [4] [5] [6] [7] . The clinical significance of myocardial bridges varies, and most patients are asymptomatic. However, angina, acute myocardial infarction, ventricular fibrillation, myocardial ischemia, cardiac arrhythmias, and sudden death have been reported in association with myocardial bridges 8 . Some authors suggest that myocardial bridges should be added to the list of known causes of sudden death or myocardial infarction in young individuals after strenuous exercise 9 . The occurrence of atherosclerosis in coronary artery segments under myocardial bridges is controversial. Ishii et al 10 and Geiringer 11 reported that mural segments of the anterior interventricular branch of the left coronary artery are rarely affected by atherosclerosis, unlike the epicardial segments, in which atherosclerosis is a common finding. Other authors 12 concluded that the portions of the coronary arteries involved with bundles of cardiac muscle are not protected from the atherosclerotic process.
Considering the importance of the anterior interventricular branch of the left coronary artery in cardiac irrigation, and the high incidence of myocardial bridges occurring over this vessel, we decided to analyze the relationship between myocardial bridges and the anterior interventricular branch (anterior descending) of the left coronary artery. This subject remains controversial, and we consider it of interest for clinical and interventional cardiology. 
Methods
We studied 30 human hearts of adult individuals of both sexes with myocardial bridges extending over the anterior interventricular branch of the left coronary artery. The hearts had been fixed in a 10% formaldehyde solution and belonged to the Department of Anatomy of the Center of Biological Sciences of the Federal University of Pernambuco.
With the aid of a pachymeter (Vernier Calipers, with 0.01 mm precision), we performed the following measurements: the distance between the origin of the left coronary artery and the origin of its anterior interventricular branch (D1); the distance between the origin of the anterior interventricular branch and the beginning of the myocardial bridge (D2); the distance between the origin of the left coronary artery and the beginning of the myocardial bridge (D3); and the length of the myocardial bridge (C1). We also observed the position of the myocardial bridge over the anterior interventricular branch.
After that, the anterior interventricular branch was transversally sectioned at the 3 following levels: just before its penetration into the myocardium; in the middle point between the vessel's entrance into and emergence from the myocardium, ie, in the middle point of the myocardial bridge; and just after the point where the anterior interventricular branch emerged from the myocardium. Then, the vessel was longitudinally opened and the perimeters at the abovecited levels were measured. This way, the perimeters of the anterior interventricular branch were obtained as follows: just before the myocardial bridge (P1); under the middle point of the bridge (P2); and just after the myocardial bridge (P3). The perimeter obtained in each segment of the anterior interventricular branch was divided by ë (3.14), and the following diameters of the vessel were obtained: just before the myocardial bridge (DV1), under the middle point of the myocardial bridge (DV2), and just after the myocardial bridge (DV3). Data obtained were put in tables and statistically analyzed. Part of this material was photographed with a stereoscopic magnifying glass.
Results
The results of the measurements of the distances between the origin of the left coronary artery and the origin of the anterior interventricular branch or the beginning of the myocardial bridge, and the length of the myocardial bridge are shown in table I.
Myocardial bridges extended over the proximal third of the anterior interventricular branch in 13.33% (4/30) of the hearts studied, and over the middle third of that branch in 86.66% (26/30) of the hearts studied. No myocardial bridge was observed over the distal third of the anterior interventricular branch.
The results of the perimeters measured and the diameters calculated of the anterior interventricular branch in the segments just before the myocardial bridge, under the middle portion of the myocardial bridge, and just after the myocardial bridge are shown in table II.
The comparison of the diameter of the anterior interventricular branch under the middle point of the myocardial bridge (DV2) with that just before the myocardial bridge (DV1) showed that DV2 was shorter than DV1 in 93.33% (28/ 30) of the hearts studied. However, in 6.66% (2/30) of the hearts studied, DV2 was longer than DV1. The comparison of DV2 with the diameter of the anterior interventricular branch just after the myocardial bridge (DV3) showed that DV2 was longer than DV3 in 66.66% (20/30) of the hearts studied and shorter than DV3 in 33.33% (10/30) of the hearts studied.
In 3 (10%) hearts no atherosclerotic plaque was obser- D1 -distance between the origin of the left coronary artery and the origin of the AIB; D2 -distance between the origin of the AIB and the beginning of the miocardial bridge; D3 -distance between the origin of the left coronary artery and the beginning of the miocardial bridge; C1 -length of the miocardial bridge; Mean -arithmetic mean; SD -standard deviation; Max -maximum value; Min -minimum value. P1 -perimeter of the AIB just before the myocardial bridge; P2 -perimeter of the AIB under the middle point of the bridge; P3 -perimeter of the AIB just after the bridge; DV1 -diameter of the vessel just before the bridge; DV2 -diameter of the vessel under the middle point of the bridge; DV3 -diameter of the vessel just after the bridge; mean -arithmetic mean; SD -standard deviation; max -maximum value; min -minimum value. 2 2 1 2 2 1 2 2 1 2 2 1 ved in the segment of the anterior interventricular branch just before the myocardial bridge. In 1 (3.33%) heart, 1 atherosclerotic plaque was observed in the segment of the anterior interventricular branch under the bridge ( fig. 1 ). In 2 (6.66%) hearts, atherosclerotic plaques were observed in the segment of the anterior interventricular branch just after the bridge.
Discussion
Myocardial bridges are cardiac muscle fibers that, from the ventricular myocardium, extend over the coronary arteries. Those bridges may be seen after removing the epicardium and the subepicardial fatty tissue. Ferreira et al 13 reported 10 cases of myocardial bridges located more deeply, in which a long muscular bundle originated in the right ventricular apical trabeculae, and, after involving the anterior interventricular branch of the left coronary artery, inserted into the interventricular septum.
Some authors 2 have suggested that myocardial bridges are formed during the embryonic period, at the same time the coronary arteries of the original capillary network are formed. Other authors believe that the myocardial bridges are not an anatomic variation, but a defect in the resorption of the musculature that encircles the arteries that should be epicardial 14 . Peralta et al 14 stressed that, even though myocardial bridges are congenital, symptoms or problems related to them during childhood are extraordinarily rare, suggesting that extrinsic and chronobiological factors should influence the progression of that entity.
The most frequent position of myocardial bridges in regard to the anterior interventricular branch of the left coronary artery found in our study is similar to that reported by Ferreira et al 13 ; that position, however, differs from those reported by Geiringer 11 , Edwards et al 12 , and Polácek and Králové 2 .
In the consulted literature, no data were found about the diameter of the anterior interventricular branch and its relationship to myocardial bridges using the same material conditions and the same method that we used. Kramer et al 15 studied the diameter of the anterior interventricular branch with angiography and tried to relate the degree of systolic narrowing with the symptoms reported. The degree of systolic constriction reported by them was obtained with an equation that can estimate the degree of constriction of the luminal diameter of the anterior interventricular branch under the myocardial bridge using the relationship between the diameters just before and after the myocardial bridge and the smallest diameter obtained during systole. In our material, we observed that, in 6.66% (2/30) of the hearts, the diameter of the segment of the anterior interventricular branch under the myocardial bridge was greater than that just before the myocardial bridge, which could mean stenosis proximal to the myocardial bridge. On the other hand, we observed that in 33.33% (10/30) of the hearts, the diameter of the segment under the bridge was smaller than that just after the bridge, characterizing stenosis of the vessel at that level, which would result in hemodynamic alterations 16 . According to Harikrishnan et al 17 , any degree of systolic narrowing of a coronary artery observed in at least 1 angiographic view describes an entity that may be caused by a myocardial bridge.
Vives et al 18 reported the case of a patient with electrocardiographic signs of severe ischemia in the area irrigated by the anterior descending artery. The patient evolved with normalization of the electrocardiographic findings, and, on angio-hemodynamic study, the existence of a muscular bridge over the middle third of the anterior descending artery was confirmed with no other associated coronary lesions. According to Peralta et al 14 , myocardial bridges are usually recognized in vivo with an angiographic study when the following findings are observed: a) stretching of the segment of the coronary artery involved; b) uniform reduction in the diameter of the vessel by at least 40% during systole and recovery of the diameter during diastole (systolic narrowing); c) clear evidence in at least 2 angiographic views, in which the percentage of narrowing is found most in any of the views, and the distal part of the vessel in relation to the bridge is free from compression; d) absence of vasoconstriction induced by drugs or catheters.
Knowing that coronary perfusion is fundamentally diastolic, the isolated finding of myocardial bridges does not explain per se the existence of myocardial ischemia, and other mechanisms, such as tachycardia (diastolic shortening), coronary spasm, and local thrombosis, have been considered to justify it 19 . Recent studies performed with intravascular ultrasonography and coronary Doppler in patients with symptomatic myocardial bridges have shown that vessel compression is not limited to systole, also persisting during diastole, and affects the predominant phase of coronary perfusion [20] [21] [22] [23] [24] . A delay in coronary lumen dilation during the beginning of diastole may contribute to the occurrence of coronary ischemia 21 . According to Roul et al 25 , the treatment of myocardial bridges should be restricted to symptomatic patients and is primarily based on a pharmacological approach. Beta-blockers are usually the first-line therapy 25 . Another family of drugs used is that of calcium channel blockers 25 . Other therapeutic procedures comprise coronary angioplasty with stent placement 8, 26, 27 and surgery 25 . Surgery has been the most frequently used method in patients with symptomatic myocardial bridges, and several techniques, such as coronary artery bypass surgery and supra-arterial muscular resection, have been successfully used. Even though resection of the muscular fibers of the bridge eliminates the subjacent compression, deep incisions in the ventricular wall are frequently necessary with risks of mural aneurysm and scar formation with subsequent recurring vessel compression 28 .
In regard to the occurrence of atherosclerotic plaques in segments of the anterior interventricular branch located under myocardial bridges, Geiringer 11 reports that mural portions of that vessel are rarely affected by atherosclerosis, unlike epicardial segments, in which atherosclerotic pla-
